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In this researeh, we propose a novel reeommendation for improving CCT-D 
and lumen output (LO) of the 6600K in-eup paekaging white LEDs (ICP- 
WLEDs) by varying its partiele eoneentration. By using Light Tools and Mat 
lab software based on the Mie Theory, we derive the influenee of the red 
phosphor partiele’s eoneentration on the D-CCT and LO. The results show 
that the CCT-D are signifieantly affeeted when the eoneentration of the red 
phosphor varying from 0% to 1.8%. The CCT-D deereases from 4000K to 
2200K and LO inereases from 800 Im to 1300 Im. 
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1. INTRODUCTION 

From the first invented light emitting diodes (LEDs) by H. J. Round in 1907, LEDs is considered as 
the future lighting generation. After Nick Holonyak invented the LEDs in 1962, LEDs was focused more and 
more attention by the researchers around the world. LEDs with high brightness and blue light was proposed 
in 1995, which made it possible to use LEDs for general lighting in industrial and civil purpose. Nowadays, 
LEDs is considered as the fourth lighting generation technology in competition with the traditional 
incandescent and (compact) fluorescent lamps and can be replaced with the old ones in our time because they 
have excellent advantages such as low electric consumption, high brightness, long lifetime, small size, 
robustness, fast switching, and environment-friendly characters [1-4]. From many types of research in this 
field, we can see that material and packaging is the leading research direction on improving the optical 
performance of the LEDs [5-7]. Authors in [8] stated that not only method packaging but also concentration, 
size, and thickness of the phosphor layer is the main effect factor on the luminous efficacy and color qualities 
of the white LEDs. Such as, [9] considered the effects of phosphor thickness and concentration on LEDs 
luminous flux and correlated color temperature by the experimental method. In [10], the effect of phosphor 
location on the spatial color distribution was demonstrated. In this trend, authors in [11-12] investigated the 
effect of the red-emitting phosphor on the lighting performance and optical properties of the white LEDs. For 
extending the research in [13], this paper investigated the influence of the red phosphor concentration on the 
color correlated temperature deviation (CCT-D) and lumen output (LO) of the white LEDs. 
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As rare-earth-free alternatives, the manganese-based phosphors K2SiF6:Mn4+ has d-d transitions, 
whieh are partially spin-allowed for Mn4+. Upon ineorporation in the host eompound, Mn4+ is the preferred 
valenee state for LED applieations, due to better exeitation properties and narrower emission bands. In 
K2SiF6:Mn4+, the Intra eonfigurational 3d3 transitions of the Mn4+ ion are responsible for the 
lumineseenee, yielding narrow line emission. Furthermore, K2SiF6:Mn4+ has the relatively high values of 
the eolor quality seale (CQS), eolor purity and absorption strength. The speeifie red line emission is seen in 
K2SiF6:Mn4+ around 630 nm is eaused by 3d3-3d3 transitions in Mn4+.The 3d3 eleetron eonfiguration of 
Mn4+ results in 120 possible distributions of the three eleetrons over the ten available single-partiele states of 
the 3d shell. The eleetronie Coulomb repulsion gives rise to a splitting of the 120-fold degenerate 
eonfiguration in eight LS terms that ean be found for the free Mn4+ ion, the magnitude of this splitting is 
eharaeterized by the Raeah parameters B and C [13-14]. This red phosphor ean be eonsidered as the 
prospeetive eandidate for improving eolor quality of the white LEDs. 

In this researeh, the red-emitting K2SiF6:Mn4+ eonversion phosphor is eonsidered as a novel 
reeommendation for inereasing the CCT-D and LO of the 6600K in-eup paekaging white LEDs (ICP- 
WLEDs). The effeet of the red-emitting K2SiF6:Mn4+ eonversion phosphor is investigated based on Mie 
Theory with helping of the Mat Lab and Light Tools software. The researeh results show that the CCT 
deviation (CCT-D), lumen output (LO) has been remarkably affeeted while the eoneentration of the red- 
emitting K2SiF6:Mn4+ eonversion phosphor’s partiele varies. Finally, the red-emitting K2SiF6:Mn4+ 
eonversion phosphor ean be eonsidered as a novel reeommendation for WLEDs manufaeturing. The main 
eontributions of this manuseript ean be summarized as the followings: 

a. The physieal model and mathematieal deseription of the ICP-WLEDs is eondueted and formulated by 
Mat Lab and Light Tools software based on Mie Theory. 

b. The seattering proeess in the phosphor layer of the ICP-WLEDs is investigated. 

e. The CCT-D and LO are analyzed and diseussed in eonneetion with varying the eoneentration of the red 

phosphor partieles. 


2. RESEARCH METHOD 

In this researeh, we use the real model of WLEDs as shown in Figure 1(a) for simulating the 
physieal model of ICP-WLEDs as shown in Figure 1(b). In this simulation model, we set the main 
parameters of the 6600K CP-WLEDs as; 

a. The depth, the inner and outer radius of the refleetor to 2.07 mm, 8 mm and 9.85 mm, respeetively. 

b. LEDs ehips are eovered with a fixed thiekness of 0.08 mm and 2.07 mm. 

e. Eaeh blue ehip has a dimension of 1.14 mm by 0.15mm, the radiant flux of 1.16 W, and the peak 
wavelength of 453 nm as shown in Figure 1(b) [11-13]. 



(a) (b) 

Figure 1. (a) The WLEDs produet of the Silieonware Preeision Industries Co., Ltd.,Taiwan, 

(b) ICP-WLEDs 


For demonstrating the influenee of the red phosphor’s eoneentration on the CCT-D and LO, we ean simulate 
the seattering and redueed seattering proeesses inside the phosphor layer of the 6600K ICP-WLEDs based on 
the Mie-seattering [15-20]. The below expressions ean eompute the seattering eoeffieient |isea(A.) (mm-1), 
and redueed seattering eoeffieient 5sea(A-) (mm-1). 
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^scaW = \Nir)C^^S^,r)dr (1) 

^sca= ( 2 ) 

In these equations, N(r) indicates the distribution density of diffusional particles (mm^). Csca is the 
scattering cross sections (mm^), X is the light wavelength (nm), r is the radius of diffusional particles (pm),. 
Moreover, N(r) can be calculated by: 

7V(r) = 7V„y(r) + 7V^,„,(r) =^„.[/„y(r) + 4,„,(r)] (3) 

N(r) is composed of the diffusive particle number density Ndij(r) and the phosphor particle number 
density Nphos(r). In these equations,and fphos(r) are the size distribution function data of the diffusor and 
phosphor particle. Here Kn is the number of the unit diffusor for one diffuser concentration and can be 
calculated by the following equation: 

c = K^\M(r)dr (4) 

Where M(r) is the mass distribution of the unit diffuser and can be proposed by the below equation: 

= + ( 5 ) 

Here pdifj(r) and pphos(r) are the density of diffuser and phosphor crystal. 


3. RESULTS AND DISCUSSION 

In this section, the influence of the red phosphor particles’ concentration on the scattering process 
inner the phosphor layer of the 6600K ICP-WLEDs is investigated using Mat Lab software in the first stage. 
After that, the CCT-D and LO of the 6600K ICP-WLEDs are analyzed and discussed in connection with 
varying the concentration of the red phosphor from 0% to 1.8%. The scattering and reduced scattering 
processes inner phosphor layer are drawn in Figure 2 and 3. Figure 2 indicates that the scattering coefficient 
of 453 nm, 55nm, and 680 nm significantly increase while the concentration of the red phosphor varying 
from 1% to 5 %. In addition, the coefficient of 555 nm has the highest increase in comparison with others. 
On the same way, the reduced scattering coefficients of 453 nm, 55nm, and 680 nm have a considerable 
increase while the concentration of the red phosphor varying from 1% to 5 %. All 453 nm, 55nm, and 680 
nm reduced scattering coefficients increase in the same direction with each other as shown in Figure 3. From 
that point of view, it is observed that the scattering process in the phosphor layer of the 6600K ICP-WLEDs 
can be controlled by varying the concentration of the red phosphor. 
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Figure 2. Scattering coefficients 


Figure 3 Reduced scattering coefficient 
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Moreover, the CCT-D and LO versus the red phosphor partieles’ eoneentration are illustrated in 
Figure 4 and 5. In this analysis, the eoneentration of the red phosphor is eontrolled from 0% to 1.8%. From 
the researeh results, we ean see that the CCT-D has a huge deerease and the LO has a massive inerease with 
inereasing the eoneentration of the red phosphor. When the eoneentration of the red phosphor from 0% to 
1.8%, CCT-D deereases from 4000K to 2200K and LO inerease from 8001m to 1300 Im. It ean be observed 
that we ean improve the CCT-D and LO of the 6600K ICP-WLEDs by eontrolling the eoneentration of the 
red phosphor partieles. 




Figure 4. CCT-D versus Wt.% 


Figure 5. LO versus Wt. % 


4. CONCLUSION 

In this researeh, a novel reeommendation for improving CCT-D and LO of the 6600K ICP-WLEDs 
by varying its partiele eoneentration is eonsidered. By using Eight Tools and Mat lab software based on the 
Mie Theory, we derive the influenee of the red phosphor partiele’s eoneentration on the D-CCT and EO. The 
results show that the CCT-D are signifieantly affeeted when the eoneentration of the red phosphor varying 
from 0% to 1.8%. The CCT-D deereases from 4000K to 2200K and EO inereases from 800 Im to 1300 Im. 
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